ABSTRACT A simpliÞed protocol for rearing the glassy-winged sharpshooter, Homalodisca coagulata (Say) (Homoptera: Cicadellidae), was tested on four genotypes of soybean, Glycine max (L.) Merrill. Growth and development of leafhoppers were examined on three glabrous isolines (D88-5320, D88-5328, and D90-9216) and one pubescent genotype (Hagood). All three glabrous isolines were adequate hosts producing an average of Ͼ100 adults from eight original mating pairs of leafhoppers. Pubescent Hagood produced signiÞcantly fewer adults with longer developmental times. Isoline D88-5328 produced 30% more adults than the other glabrous isolines. Genotype also had signiÞcant effects on total developmental times, developmental rates within instars, growth rates, and adult masses at eclosion with insect performance being enhanced on isoline D88-5328. All genotypes of G. max had similar xylem chemistry at the initiation of the rearing experiment (6-week-old plants), but as G. max matured (14 Ð18 wk), isoline D88-5328 provided signiÞcantly more organic nitrogen. Chemical analyses of xylem ßuid and developmental data support the hypothesis that young H. coagulata required balanced proÞles of organic nitrogen for development but beneÞted from increased organic nitrogen as they approached maturation. Poor performance on pubescent Hagood was not related to xylem chemistry and was assumed to result from the inhibitory effect of trichomes. Xylem ßuid analysis suggests that some plants may have eventually experienced nitrogen deprivation from high leafhopper loads; this, in turn, resulted in slow development and small body size at maturation for some insects. Although this protocol provides a simpliÞed technique for rearing H. coagulata, it is likely that manipulation of xylem chemistry via fertilization would further maximize growth and developmental rates.
XYLEM FLUID PROVIDES PERHAPS the lowest nutrient content of any plant tissue (Mattson 1980 , Raven 1983 ), yet some species of cicadellines are able to subsist solely on this dilute food source. Recent studies have identiÞed both physiological and behavioral adaptations that allow these insects to successfully use xylem ßuid (Andersen et al. 1989 (Andersen et al. , 1992 Brodbeck et al. 1990 Brodbeck et al. , 1993 Brodbeck et al. , 1996 Brodbeck et al. , 1999 . Advances in understanding the nutritional ecology and physiology of xylem feeders have not led to methods for mass rearing of insects that feed on this plant ßuid. No artiÞcial diets currently exist for insects that feed on xylem ßuid, and success in consistently rearing xylem-feeding leafhoppers on single host species has been limited (Turner and Pollard 1959 a,b,; Brodbeck et al. 1999) . Cicadellines recently have received increased research attention because of their ability to vector the bacterium Xylella fastidiosa. This bacterium has resulted in multimillion dollar losses to fruit crops in both American hemispheres (PierceÕs disease of grapes in North America and citrus variegated chlorosis in South America; Monteiro et al. 2001, Hopkins and Purcell 2002) . Problems in rearing these leafhoppers pose a serious limitation to researchers studying leafhopper vectors and their natural enemies. DifÞculty in rearing xylem-feeding leafhoppers on single host species results, in part, from changing nutritional requirements during development. Adult Homalodisca coagulata (Say) (Homoptera: Cicadellidae) prefer and perform best on xylem ßuids that contain high concentrations of amides (Brodbeck et al. 1990 , Andersen et al. 1992 . Young nymphs of this species develop more successfully on xylem ßuid with lower levels of amides and more balanced amino acid proÞles (i.e., higher proportions of essential amino acids; Brodbeck et al. 1995 Brodbeck et al. , 1996 Brodbeck et al. , 1999 . It is relatively easy to rear H. coagulata in cages with multiple hosts (Brodbeck et al. 1995) suggesting that polyphagy and host switching during development may be common for H. coagulata in natural heterogeneous environments. The research value of insects reared this way is limited because they have unknown and variable feeding histories. Consistent rearing on multiple hosts not only requires the proper mix of host species but also re-quires that various host species be in the proper physiological state. We have established that xylem chemistry for host species varies radically with age, phenology, and environmental conditions (Andersen et al. 1992 (Andersen et al. , 1995a and that cicadellines are sensitive to this nutritional variability (Brodbeck et al. 1990 (Brodbeck et al. , 1999 . Multiple host species may also be problematic as a wider variety of unwanted pest species may be introduced into rearing facilities.
We previously reported the successful rearing of H. coagulata on an isoline of glabrous soybean, Glycine max (L.) Merrill (Brodbeck et al. 1999) . Isolines of glabrous G. max were originally developed for assessment of host resistance to other insect pests (Kilen and Lambert 1993) . Our initial screening of a variety of rearing hosts (Brodbeck et al. 1996) showed that genotypes of pubescent G. max (and other hosts with trichomes) are not suitable developmental hosts for H. coagulata. In contrast, a glabrous isoline of G. max seemed to be a very good host for these leafhoppers, with successful development (Þrst instar to adult) often approaching 90%. Fortuitously, changes in xylem ßuid chemistry with plant age seemed to mirror changes in nutrient requirements as H. coagulata matured. Xylem ßuid of young G. max has balanced amino acid proÞles, but amides become more predominant as plants age. Subtle differences in xylem ßuid chemistry induced by fertilization and inoculation regimes resulted in variable developmental success, developmental rates (changes in instar duration), and growth rates (changes in mass). Rhizobium inoculation and urea fertilization resulted in more balanced nutrient proÞles in xylem ßuid with successful development of H. coagulata approaching 90%; nitrate fertilization resulted in higher concentrations of amides in xylem ßuid and lower developmental success (Ϸ40%). Direct effects of speciÞc primary nutrients on insect performance were more difÞcult to assess because ßuctuations in primary nutrients in the xylem ßuid often covaried (Brodbeck et al. 1999) .
Understanding nutritional requirements for developing cicadellines is a prerequisite for implementation of mass-rearing techniques. Our primary objective in this study was to develop a simple, yet consistent protocol for rearing H. coagulata by using G. max as the sole host species. Three glabrous isolines and one pubescent genotype were examined to determine whether glabrous isolines in general are adequate hosts, or whether speciÞc isolines are superior for H. coagulata development. Second, closely related isolines were used to examine whether changes in leafhopper development are related to differences in xylem nutrient proÞles (i.e., whether subtle differences in xylem nutrients result in varying developmental success, and whether effects of speciÞc nutrients on development and survivorship can be identiÞed). Last, we asked whether pubescent genotypes of G. max have markedly different xylem chemistry than glabrous isolines, or whether the presence of trichomes alone inhibits H. coagulata development on pubescent genotypes. Owing to the high number of leafhoppers per cage (initially 20 Ð200 per cage), it was not possible to accurately count every leafhopper. Counts were made as unobtrusively as possible; pots were rotated but individual leaves were not disturbed to the extent that leafhoppers would relocate. Thus, daily counts provided an estimate of developmental stage within each cage. For calculations of instar durations, the fate of individual leafhoppers could not be followed. Hence, the initiation of development for each cage was estimated by selecting the date on which the greatest number of neonates Þrst emerged (1Ð3 July). At roughly 2-wk intervals (20 July, 4 August, and 20 August), two insects per cage (eight per G. max genotype) were randomly selected, instar was determined, and insects were frozen and lyophilized for determination of dry mass. Newly eclosed adults were removed from all cages daily so that developmental duration could be accurately quantiÞed. Once a week throughout the duration of the experiment, all newly eclosed females were collected (within 24 h of emergence), frozen, and dried before mass determination. Environmental conditions in the greenhouse throughout the rearing portion of the experiment were maximum daily temperature (mean Ϯ SEM) 36.2 Ϯ 0.6ЊC, minimum daily temperature 19.4 Ϯ 0.3ЊC, and average daily relative humidity of 58.5 Ϯ 1.4%.
Materials and Methods

Experimental
On the day that all individuals in a cage had either died or matured to adults, G. max were harvested from that cage for determination of xylem nutrients. Age of the harvested plants varied depending on insect developmental times in each cage (from 11 to 20 wk). Xylem ßuid was collected from plants at the beginning (6 wk old) and end of the experiment by excising plants at the woody base, stripping away extraxylellary tissue, and extracting ßuid with a pressure chamber apparatus (Scholander et al. 1965 , Andersen et al. 1992 . Collected ßuid was immediately frozen for subsequent chemical analysis.
Chemistry of Control Isolines of G. max. To examine the inherent nutritional value of xylem ßuid of the four G. max genotypes (i.e., without leafhopper feeding), 16 plants of each genotype were planted in summer 2002. This experiment also provided a more direct assessment of genotype variability in xylem chemistry with plant age, because xylem ßuid was sampled from each age class on the same day. Seeds were planted on 28 May and grown in identical soil as described above. The only differences between plants used in the rearing experiments and G. max planted in 2002 (hereafter referred to as control plants) were that the latter remained outside and were not subjected to leafhopper treatments. These controls were kept outside to provide baseline data on the chemistry of genotypes grown under natural conditions. Xylem ßuid was collected as described above from 12-and 16-wk-old plants (four plants of each genotype harvested on 16 August and 15 September 2002).
Chemical Analysis. All collected aqueous xylem ßuid was Þltered through 10,000-mol. wt. Þlters (Millipore Corporation, Milford, MA) and then aliquoted for quantiÞcation of amino acids, organic acids, carbohydrates, and ureides. For the analysis of amino acids, samples were lyophilized and then derivatized by adding 100 l of 2:2:1 ethanol:triethanolamine (TEA):water. Twenty microliters of 7:1:1:1 ethanol: TEA:water:phenylisothiocyanate was added, and reactions were allowed to proceed for 20 min under N 2 atmosphere. Sample analysis was in 5 mM sodium phosphate buffer with 7% acetonitrile (pH 6.4). Detection and quantiÞcation were accomplished using a Waters high-performance liquid chromatography system equipped with a Pico tag column (Waters Division, Millipore Corporation) (Heinrickson and Meredith 1984) . Organic acids and ureides were analyzed by cation exchange chromatography (Brodbeck et al. 1995 (Brodbeck et al. , 1996 . Carbohydrates were quantiÞed using ion exchange chromatography with a DionexIon-Pac column and a Dionex Pulse Amperometric Detector (Dionex Corp., Sunnyvale, CA).
Statistical Analysis. For insects collected at discrete time intervals (2, 4, and 6 wk old), changes in dry mass and stage of development were calculated. Growth rates (GRs; micrograms of dry weight per day of age; Waldbauer 1968, Slansky and Scriber 1985) and developmental rates (stadia per day of age) were sorted by date and analyzed by one-way analysis of variance (ANOVA) with genotype as the main effect. For newly eclosed adults collected throughout the experiment (at weekly intervals after 6 wk), dry mass and GR were dependent variables with genotype as the main effect. Regression analysis was used to examine insect mass and growth rates as a function of time of development. Data were pooled and mass and GR analyzed as a function of instar by one-way ANOVA to establish any relationships between weight and developmental stage as a function of plant genotype.
Total days to maturation was recorded for each leafhopper (n ϭ 1644), and effects of genotype on total developmental time were calculated by one-way ANOVA. For each week, the adults produced per week were analyzed with cage as the replicate (n ϭ 4 per isoline); one-way ANOVA established effects of genotype.
Plant chemical data were analyzed as a 2 by 4 factorial design with two time intervals and four isolines. The two sample times were the beginning of the rearing period (6-wk-old plants) and termination of the rearing period (11Ð20-wk-old plants). Because effects of plant age were evident, additional analyses were performed with data sorted by time (beginning or end of the development experiment), and genotype effects were examined by one-way ANOVA. Because plants at the termination of the experiment were of variable age, a subset of the data (plants 14 Ð18 wk of age) also were analyzed separately in a similar manner to assess genotype effects at the age when most leafhoppers were completing or had just completed development. For analyses of xylem composition of the plants grown without leafhoppers in 2002, statistical analyses were performed separately by one-way ANOVA for xylem ßuid collected on each date. For all cases where ANOVA was used, mean separations were examined by TukeyÕs test when applicable. All statistical analyses were performed in SAS (SAS Institute 1999).
Results
Insect Rearing and Development. The number of successfully emerging adults was impacted by host genotype. Total number of developing adults on pubescent Hagood was only 20 Ð30% of the number that successfully matured on the glabrous cultivars D88-5320, D88-5328, and D90-9216. Isoline D88-5328 produced an average of 140 adult H. coagulata per cage, Ϸ30% higher than the other glabrous hosts D88-5320 and D90-9216 (Fig. 1) . First-emerging adults occurred 31 d after initial oviposition, and the rate of emerging adults peaked 6 Ð9 wk after oviposition, yet some individuals required 15 wk to develop. Differences in numbers of leafhoppers developing per week were signiÞcant only during week 5 (F ϭ 4.12; df ϭ 3, 12; P Ͻ 0.032), with D88-5328 having Ϸ50 Ð90% more adults than the other genotypes. At least 30% more adults developed on D88-5328 than on any other cultivar during the following 3-wk period, but sufÞcient variability existed so that differences in weekly emergence of adults on different isolines were not significant.
Growth rates (dry mass) for insects collected at 2-wk intervals were signiÞcantly affected by genotype (Fig. 2) . Leafhoppers developing on D88-5328 were 10 Ð 40% larger than leafhoppers reared on the other genotypes, with signiÞcant mass differences for insects Ϸ4 wk (F ϭ 5.24; df ϭ 3, 28; P Ͻ 0.006) and 6 wk of age (F ϭ 3.69; df ϭ 3, 28; P Ͻ 0.026). Developmental rates also varied signiÞcantly with genotype for insects 4 (F ϭ 5.92; df ϭ 3, 28; P Ͻ 0.003) and 6 wk of age (F ϭ the 15 wk, genotypes resulted in signiÞcant mass differences (F ϭ 2.38; df ϭ 3, 88; P Ͻ 0.05). GRs were also calculated as speciÞc weights and days to maturation were known for these insects. Genotype also signiÞ-cantly impacted growth rates of newly eclosed adults (F ϭ 3.13; df ϭ 3, 88; P Ͻ 0.03). Somewhat surprisingly, Hagood and D88-5328 resulted in leafhoppers with the largest size and highest growth rates (Table 1) .
Regression analysis of all newly eclosed females collected throughout the experiment showed that mass of maturing adults decreased signiÞcantly with longer developmental time (mass ϭ 8.52Ð 0.066 [days]; R 2 ϭ 0.23; ␣ Ͻ 0.0001; n ϭ 92). When examined by genotype, only dry weights of individuals reared on D88-5328 did not change signiÞcantly as a function of time of development. Dry mass of leafhoppers at speciÞc stages of development also varied with genotype. Mass varied signiÞcantly for Þfth instars (F ϭ 4.58; df ϭ 3, 21; P Ͻ 0.01; Table 2 ). Fifth instars reared on Hagood had the lowest dry mass, although they were the heaviest adults.
Growth rates also declined with time to maturation. This relationship was strong (GR ϭ 374.8 Ð 4.8 (days); R 2 ϭ 0.63; P Ͻ 0.0001; n ϭ 92) and was signiÞcant for each isoline examined independently. Growth rates for third instar leafhoppers differed signiÞcantly with genotype (F ϭ 5.24; df ϭ 3, 6; P Ͻ 0.05) with Hagood and D88-5328 having the slowest growth rates through third instar (Table 2) , although these two genotypes resulted in leafhoppers with the highest growth rates by the time they reached maturation.
Xylem Fluid Chemistry. The major organic components in xylem ßuid of G. max were 19 amino acids, seven organic acids, three carbohydrates, and two ureides. Although these components were found in the xylem ßuid of all plants examined, the concentrations of compounds varied between plants harvested at the beginning of the experiment (6 wk old) and at the termination of the experiment (11Ð20 wk old; Table 3 ). Age effects were signiÞcant for the two most predominant amino acids (asparagine and aspartic acid). SigniÞcant differences with age also occurred for phenylalanine and lysine, which are two of the "essential" amino acids (those that most insects cannot synthesize). On average, plants increased amino acid concentrations 77% between the beginning and the termination of the experiment. Minor differences with age also occurred in several of the organic acids, with tartaric acid signiÞcantly increasing and lactic acid signiÞcantly decreasing over time.
Changes in xylem chemistry (Table 3) with plant age may obfuscate potential isoline effects, because plants were of varying age at the termination of the experiment due to differential developmental rates of leafhoppers. Differential harvesting age of plants may have contributed to the signiÞcant interactions of genotype and age effects on total organic nitrogen. Plants harvested at the beginning of the experiment (6 wk old) showed no differences in total organic nitrogen (F ϭ 0.82; df ϭ 3, 12; P Ͻ 0.52) or any of the individual organic compounds. These plants had relatively low variability in chemical proÞles. For example, the SEs of total amino acids for each isoline were, on average, 14% of the mean, whereas the SEs of harvested plants from three of the four genotypes at the end of the experiment exceeded 20% of their respective means. Variability was due at least in part to varying age of individual plants at the time of harvest (11Ð20 wk of age), and effects of age varied with genotype. Regression analyses showed that total Days to maturation is based on all insects maturing throughout the study (n ϭ 1644), whereas dry mass growth rates were measured on newly eclosed females taken at weekly intervals throughout the experiment (n ϭ 92).
Values within the same row followed by the same letter are not signiÞcantly different at ϱ Ͻ0.05 using TukeyÕs test. ϭ 0.37; P Ͻ 0.037) increased linearly with age, whereas amino acid concentrations in the other two genotypes did not.
To more accurately examine genotype effects for plants of similar age, data were reanalyzed using only plants 14 Ð18 wk of age. It was biologically relevant to examine plants of this age, because it was during this period that most leafhoppers were completing (or had just completed) development. Analysis of 14 Ð18-wkold plants showed major isoline effects on the primary nitrogenous components of xylem ßuid (Table 4) . Concentrations of the amides glutamine and asparagine varied with genotype, as did both of the ureides identiÞed in this study (allantoin and allantoic acid). In addition, two of the amino acids (methionine and lysine) considered essential for insect development varied with genotype. Variations in concentration were generally two-to three-fold, with isoline D88-5328 having the highest concentrations of each of these nitrogenous compounds. Concentrations of non-nitrogenous compounds (organic acids and carbohydrates) did not vary signiÞcantly between isolines (data not shown).
Variability between genotypes in the control plants was minor for 12-wk-old plants. Of the 31 compounds quantiÞed, only three (citric acid, glutamic acid, and serine) showed signiÞcant differences at ␣ Ͻ 0.05 (data not shown). For more mature plants, however, the majority of amino acids differed signiÞcantly with genotype (Table 5 ). In general, amino acid concentrations were highest in the xylem ßuids of Hagood and D88-5328 resulting in signiÞcant differences in total amino acids (F ϭ 3.91; df ϭ 3, 12; P Ͻ 0.037) and total organic nitrogen (F ϭ 3.54, df ϭ 3, 12; P Ͻ 0.048).
Discussion
The three glabrous isolines proved adequate hosts for rearing H. coagulata in greenhouse conditions. To- Concentrations of amino acids from young G. max did not vary signiÞcantly at 6 wk (one-way ANOVA); thus, only means for all genotypes combined are presented tal adult production on glabrous isolines per cage ranged from 65 to 224. After the initiation of the experiment, the rearing technique was extremely simple. Only daily watering was required. Plants were not replaced, cleaned, sprayed, or fertilized during the experiment. Plants remained adequately pest free for the 4 mo of leafhopper rearing. Although all three glabrous isolines were adequate rearing hosts, isoline D88-5328 produced 30% more adults weighing on average 15% more than the other glabrous isolines. Insects had much less success developing on the pubescent genotype Hagood, with successful development to adult being only 20 Ð30% of that on glabrous isolines. Newly eclosed adults on Hagood took longer to develop than on glabrous isolines but were of similar size to adults developing on D88-5328 (Table 1) .
Results of this experiment are consistent with our previous hypothesis that balanced nutrient proÞles are essential to immature developing nymphs (Brodbeck et al. 1995 (Brodbeck et al. , 1996 (Brodbeck et al. , 1999 . QuantiÞcation of nutrient balance can be approximated by a variety of indices (for discussion, see Brodbeck et al. 1999) . For xylem ßuid, nutrient balance is largely reßected by the ratio of the concentrations of amides (the primary nitrogen transporters in many plant species; Pate 1980) to concentrations of more minor amino acids, including the essential amino acids (those that most insects cannot synthesize; Taylor and Medici 1966, Brodbeck and Strong 1987) . In the present experiment, all isolines of G. max had comparatively low percentages of amides (Ͻ58%), thus ensuring balanced nutrient proÞles (in other host species Ͼ70% of the total amino acids may be in amide form; e.g., Pate 1980; Andersen et al. 1992 Andersen et al. , 1995a . Amide percentages of G. max were particularly low (Ϸ51%) for the youngest H. coagulata when nutrient balance is most essential.
Our results are also consistent with previous observations (Brodbeck et al. 1995 (Brodbeck et al. , 1996 (Brodbeck et al. , 1999 ) that more mature nymphs may beneÞt from increased amides (and consequent increased dietary nitrogen). Amides increased from 37 to 160% in plants between 6 wk of age to plants at the termination of the experiment (11Ð20-wk-old plants), depending on genotype. The 36 Ð112% increase in organic nitrogen in the isoline D88-5328 may have contributed to shorter developmental times, larger body weights, and higher growth rates. High measurements of leafhopper growth on the genotype that also supported the most H. coagulata showed no negative effects of density dependence, which is consistent with previous research of H. coagulata feeding on G. max and two other host species (Andersen et al. 2003) . The dietary proÞle provided by Values within the same row followed by the same letter are not signiÞcantly different at ϱ Ͻ0.05 using TukeyÕs test (df ϭ 3,18). (Table 5 ).
The clearest weakness of the described rearing protocol was the lengthened developmental time for some H. coagulata (up to 106 d). For maximum efÞ-ciency in rearing, the protocol could be terminated after 70 d because Ͼ90% of the adults had developed by this time. Decreasing size of adults with time also suggests the possibility that slowly developing adults may be deÞcient for subsequent mating and rearing. It is not known whether the potential fecundity of H. coagulata is determined by size at development (for review, see Awmack and Leather 2002) . However, we do know that size at completion of development in this experiment (3Ð9 mg) is much less than that recorded for Þeld-collected females (12Ð25 mg; Andersen et al. 1989) .
The chemical composition of xylem ßuid from individual plants suggests that with Þnite soil nitrogen and a heavy leafhopper load, some G. max eventually suffered nitrogen limitation which, in turn, resulted in slower leafhopper development. The oldest G. max in the study were 140 d, which probably exceeded the lifespan of slow release fertilizer, particularly with daily watering to saturation. The heavy leafhopper load may also have contributed to nitrogen deprivation; Andersen et al. (2003) noted a trend toward decreasing amino acids in the xylem ßuid of G. max with increasing leafhopper loads in an experiment where leafhopper loads were at least an order of magnitude less than the current study. Increases in amino acid concentrations with age of G. max have previously been documented (Brodbeck et al. 1999 ), but only two of the four genotypes in this study responded in this manner. Similarly, xylem ßuid of 14 Ð18-wk-old plants harvested in the rearing experiments (Table 3) contained Ϸ50% of the nitrogen content of 16-wk-old control plants (Table 5) , although it is impossible to discriminate the effects of additional sunlight from leafhopper feeding.
Leafhopper performance on Hagood was poorer than on glabrous isolines, yet poor performance did not seem to be related to xylem nutrients. For plants 6 wk of age, nutrient proÞles of Hagood were similar to glabrous isolines (Table 3) . For older plants (14 Ð18 wk), Hagood was certainly no more deÞcient than D90-9216 or D88-5320 and contained levels of amides and organic nitrogen that were exceeded only by D88-5328 (Table 4) . Chemical analyses support the hypothesis that resistance of pubescent G. max is primarily mediated by trichomes; the repellency of trichomes has recently been elaborated in other leafhopperÐ host plant complexes . Our results are consistent with visual observations made during this study that young instars had difÞculty positioning themselves around trichomes for feeding, whereas larger individuals (adults and Þfth instars) were able to successfully probe between trichomes. Feeding difÞculties may be related to depressed growth rates through third instar and low dry mass through Þfth instar, whereas by adult emergence both growth rates and dry mass on Hagood approximated those of insects reared on D88-5328. The comparatively large size of adults that successfully emerged on Hagood may be explained by a prolonged penultimate instar feeding on xylem ßuid with a high content of organic nitrogen.
Resistance mechanisms operative on foliar feeders of G. max isolines did not seem to impact xylem feeders. Kilen and Lambert (1993) characterized D88-5320 as susceptible, D88-5328 as moderately resistant and D90-9216 as resistant to foliar feeding insects. For isolines of glabrous G. max, the resistance mechanism against foliar feeding is thought to be trichome density associated with parental genotypes (Lambert et al. 1992) . Parental genotypes of D88-5328 had the densest trichomes (Tracy-M; Kilen and Lambert 1993) , yet this was the isoline on which H. coagulata was reared most successfully. For the three glabrous isolines, trichome density did not seem to impact leafhopper feeding and development. Differences in developmental and growth rates are more likely attributable to xylem ßuid chemistry.
The documented high plasticity in H. coagulata development (variable length of development and size at maturation) is not conducive to efÞcient rearing, but it may help us understand population dynamics of H. coagulata in the Þeld. In California, H. coagulata often reach outbreak population levels in citrus orchards. H. coagulata oviposit heavily on citrus, although our laboratory and other laboratories have had little success rearing H. coagulata on this host. High plasticity suggests that developing H. coagulata have the ability to persist while feeding on suboptimal hosts until more beneÞcial hosts are located. Studies of the movement and host-Þnding behavior, in conjunction with nutritional studies, should clarify how H. coagulata populations can reach and maintain outbreak levels on relatively poor developmental hosts.
These studies document that all three glabrous isolines of G. max were suitable rearing hosts for H. coagulata, and that the isoline D88-5328 was marginally superior for H. coagulata development. The pubescent genotype investigated was a much poorer host, although decreased insect performance did not seem to result from nutritional deÞcits. Although it was not possible to discriminate roles of speciÞc xylem nutrients in leafhopper nutrition, our results are consistent with the hypothesis that nutrient balance is essential to immature H. coagulata, whereas increasing amides (and dietary nitrogen) are of beneÞt to these leafhoppers as they approach maturation. Understanding the effects of xylem chemistry on leafhopper nutrition should facilitate selection of other host species for rearing xylem-feeding leafhoppers. Proper host selection, coupled with manipulation of xylem chemistry via fertilization or inoculation, should yield more consistent rearing techniques for xylophagous leafhoppers.
